The effect of whole body gamma irradiation at the low exposure levels of 100, 200 and 400 r has been studied on the rate of growth of both juvenile and adult males and females of Clarias lazera. Irradiation causes, in general, significant retardation in rate of increase in length of growing fish. Such retardation is especially marked in adult females. Irradiation causes also diminution in the percentage increase in weight of adults especially the females. In juvenile fish, radiation exposure at the levels of 100 and 200 r accelerates the rate of increase in weight while the higher exposure level of 400 r results in a significant retardation. The exposure level of 100 r increases the ratio weight/length only in juveniles. Exposure levels of 200 and 400 r decrease such a ratio.
Nowadays, radiation seems to be a new parameter in the ecology of water masses. Aquatic organisms are subjected to radiation from cosmic rays, radionuclides contained in water environment, bottom material and finally from internal radiation sources accumulated within their bodies. It is known that artificial radioactivity of aquatic environment stems from radioactive material produced by nuclear explosions and fall-out as well as from radioactive waste of all kinds discharged into the water. Such radioactive wastes are attributable to medical, agricultural and industrial utilization of radioisotopes as well as to various land-based nuclear power stations and the increasing use of nuclear-powered ships. It is thus expected that aquatic organisms may be directly exposed to continued low-level radiation exposure, a phenomenon which may produce a variety of biological effects.
In some water areas, e. g. White Oak Lake, Tennessee, U.S.A., the total radiation dose received by the fish was estimated to be at least 57 rep. per year from external irradiation and supposed to be probably several times that amount from internal irradiation (KRUMHOLZ 1 deleterious effects, as manifested by the shortened life span, slowed growth rate, and possibly the decreased fertility of the breeding stock, as a result of irradiation. Due to the importance of fish in particular, as source of food for human consumption, the physiology of uptake, retention and excretion of radionuclides has been studied more closely in fish than in any other aquatic organisms. However, irradiation experiments on fish are still scanty and almost restricted to studies on the effect of irradiation on eggs and larvae (SALBERG 2 , RUGH, and CLUGSTON 3 , POLIKARPOV and IVANOV 4 > 5 ... etc.).
In a previous study, it has been attempted to study the effect of whole body gamma irradiation of the nile fish, Tilapia nilotica, on the carbohydrate metabolism as evidenced by deactivation of amylolytic enzyme activity (ROUSHDY, EL-KASHEF, and HAGGAG 6 ), and decrease in liver glycogen concentration accompanied by initial hyperglycemia ).
The aim of the presented study is to investigate the effect of low exposure levels of gamma radiation on the growth of some egyptian fish. nes) has been taken as experimental example for the egyptian inland water fish. Both juveniles and adult males and females have been irradiated and the changes in length and weight gain have been periodically recorded for the same experimental animals. The ratio weight to length has furnished a practical index for the determination of whether or not the growth of the fish is proceeding normally.
Material and Methods
Clarias lazera of 2 different ages were tested; the juveniles, 12 -14 cm in average length and less than one year old, and the adults, 29 -34 cm in average length and about 2 years old. Only in the latter, differentiation of sex was possible.
The fish, after being collected from the Experimental Ponds at the Barrage at the outskirts of Cairo City, were reared in large glass aquaria 0.8 cubic meter in capacity, each furnished with equal number of animals. Daily, equal amounts of minced forage fish meat were introduced and 2 hours later, the water of the aquaria was changed to ensure enough aeration and to eliminate fish excreta and food remains.
For experimentation, fish were transported in galvanized zinc aquaria, 0.3 m 3 in capacity, to the 230 Ci cobalt-60 Gamma Irradiation Field belonging to the Radiobiology Department, U.A.R. • Atomic Energy Establishment at Inchass. Due to the durability of this kind of fish and its ability to survive even outside the water environment for a considerable period of time by virtue of its dentritic accessory branchial organ, no special device had been established for water aeration during transportation or irradiation. Smaller glass aquaria, 101 in capacity were used for irradiation. Juvenile fish groups were irradiated at the exposure levels of 100, 200 and 400 r, while adult males and females were irradiated at the exposure levels of only 100 and 200 r. In all cases, radiation exposure had been performed over a period of 20 min, the dose rates in air at the selected distances from the source, fixed as sites for different radiation levels, were about 5, 10 and 20 r per min for the radiation exposure levels of 100, 200 and 400 r respectively. The temperature of water in glass aquaria during the radiation treatment was 22 °C.
Groups of the transported juvenile and adult fish were kept unirradiated and were taken as controls. Directly after irradiation, all fish groups; controls and irradiated, were returned to the large rearing aquaria at the Barrage Fish Farm.
Estimates of the length, weight and weight/length ratio were periodically recorded for the same animals. The fish were measured from the tip of the snout to the end of the caudal fin. Measurements were made to the nearest 0.5 cm and the total weight was determined to the nearest gram. Ten animals from each group were tested at a time, and the average of 20 readings was then calculated and taken into consideration. Estimations were carried out weekly during the first experimentation month, while later, they were made every fortnight. With the juveniles, the experimentation period lasted for 10 weeks while with the adults, measurements were continued for 22 weeks after radiation exposure.
Results
As presented in Table I and in Figure 1 , irradiation in general, seems to diminish the rate of in-400 R. crease in length of growing Clarias lazera. On the other hand, irradiation at the exposure levels of 100 and 200 r seems to accelerate the percentage increase in juvenile fish weight during the experimentation period of 10 weeks. Such acceleration being more intensive after the lower exposure level of 100 r. The higher exposure level of 400 r causes, on the contrary, significant loss in weight. Irradiation causes, moreover, either temporary or prolonged decrease in the weight to length ratio in the juveniles. After the exposure levels of 200 and 400 r, this decreased ratio persists during the whole experimentation period of 10 weeks. After the lower exposure level of 100 r, on the other hand, the initial decrease in such a ratio has been recovered four weeks after radiation exposure. Later, the ratio gets progressively higher till the end of the experimentation period (Fig. 2) . 
Time in Weeks
In case of adult Clarias lazera, on the other hand, and as presented in Tables II and III and in Such retardation being more pronounced after the higher exposure level especially marked during the first experimentation period of 10 weeks. In general, it has been noticed that adult females are particularly more affected by radiation exposure than the adult males. Irradiation at the exposure levels of 100 and 200 r causes, moreover, detectable de- crease in weight to length ratio in adult females and males. The decrease being more pronounced after the higher exposure levels and of greater magnitude in case of females (Fig. 5) . In the males, the ratio seems to remain almost unchanged after the lower exposure level of 100 r (Fig. 6) .
The results obtained suggest the following conclusions:
In normal untreated controls, the percentage increase in length is significantly higher in juveniles than in adult fish. Amongst the adults, this percentage is higher in males than in females.
The percentage increase in weight is higher in normal adult males than in juvenile fish. The smallest percentage increase has been recorded amongst adult females.
The weight to length ratio is found to be higher in adult males than in females. The ratio being comparatively smaller in juvenile fish.
Whole body gamma irradiation at the tested exposure levels, causes significant retardation in the percentage increase in length in both juvenile and adult fish. The magnitude of retardation parallels the intensity of radiation exposure. In this respect, the juvenile fish are the least affected while the adult females showing the most retardation.
Whole body gamma irradiation causes, in general, marked retardation of the percentage increase in weight of adult fish. Retardation being more intensive in females than in males. In juvenile fish on the other hand, exposure levels of 100 and 200 r accelerate the percentage increase in weight. Acceleration is especially marked after the lower exposure level. Radiation exposure at the higher level of 400 r causes, on the contrary, significant retardation of the percentage increase in weight of irradiated fish.
Whole body gamma irradiation at the exposure level of 100 r increases the weight to length ratio in juvenile fish. No comparable effect has been recorded amongst adults. Radiation exposure at the levels of 200 and 400 r induces prolonged decrease in such a ratio amongst both juvenile and adult fish.
Discussion
or that an initial period of retardation is followed by a period of accelerated growth (LOEB 10 ). Others, working with X-ray, cited the premature termination of bone growth as a result of irradiation (BISGARD and HUNT 11 ), and at the same time appear to hold with those who reported that the period of growth was not appreciably shortened but that the rate was retarded ). Still some authors, however, claimed that there was no evidence in favour of stimulation of growth by any amount of radiation (BLOOM 13 ). Whether or not the present exposure levels of gamma irradiation of Clarias lazera are injurious, need still further investigation. Observation should be made on large numbers of irradiated animals before supporting a definite conclusion. In the presented study, the signs and symptoms of radiation effects are not of appreciable severity. The irradiated animals did not show the signs of debility or lethargy and their response to external stimuli was almost normal.
